We estimate a Vector Error Correction Model to explore the long run and short run linkages between the world crude oil price and economic activity in Ghana for the period 1970:1 to 2006:4. The results point out that there is a long run relationship between the variables under consideration. We find that an unexpected oil price increase is followed by an increase in price level and a decline in output in Ghana. We argue that monetary policy has in the past been with the intention of lessening negative growth consequences of oil price shocks, at the cost of higher inflation.
Introduction
The world crude oil market has witnessed profound fluctuations over the past few decades, rocketing to a record $147 per barrel in July 2008. This persistent oil price shocks could have severe macroeconomic implications and present crucial challenges for policymaking, and makes it essential to empirically understand their effects on economic activity in especially oilimporting developing countries such as Ghana.
The effect of oil prices on economic activity has received a plethora of theoretical and empirical research in the past few decades. According to an influential contribution by Hamilton (1983) , all but one of U.S. economic downturns since World War II had been preceded by oil price hikes, indicating an inverse relationship between oil price shocks and aggregate economic activity as documented in most earlier studies on the U.S. economy (see, inter alia, Rasche and Tatom, 1977; Mork and Hall, 1980) . Other studies report similar inverse relationships for other countries (See, for example, Papapetrou (2001) for Greece, Cunado and Perez de Gracia (2003) for EU and de Miguel, Manzano, and Martin-Moreno (2003) for Spain.
It was assumed that since oil price increases slow down economic activity, falling oil prices should stimulate macroeconomic performance until it was established by some studies that economic activity reacts asymmetrically to oil price shocks (see, Mork, 1989; Ferderer, 1996) .
Others have attributed this to the contractionary monetary policy pursued by most central banks in response to oil price hikes (Bernanke, Gertler and Watson, 1997) .
The literature has made several attempts to explore the mechanisms through which oil price shocks affect the macroeconomy. These include the supply-and demand-side effects. As a basic input to production, an increase in oil price give rise to increased production costs which causes productivity to decline. Oil price hikes reduces the spending power of consumers and encourage producers to substitute less energy intensive capital for more energy intensive capital. The literature predicts that the magnitude of this effect depends on whether the shock is transitory or permanent in nature. Consequently, the different authors have assigned weights to the supply and demand channels (see, for example, Rasche and Tatom, 1977, 1981; Kim and Loungani, 1992; Rotemberg and Woodford, 1996; Abel and Bernanke, 2001) . Other channels include the real balance effect (see Pierce and Enzler, 1974; Mork, 1994) , and the transfer of income from oil importing countries to oil exporting countries through deteriorating terms of trade (Dohner, 1981) . This transfer of wealth leads to a decrease in global demand in the oil-importing countries which outweighs the increase in the oil-exporting countries because of the assumed low propensity to consume in the latter.
The objective of this paper is to explore the effects of oil price shocks on macroeconomic variables such as output and prices in Ghana and how monetary policy has in the past contributed to the impact of this shock. The rest of the paper is set out as follows. Section 2 gives a brief overview of the role of oil prices and the recent performance of the Ghanaian economy. Section 3 presents the methodology while Section 4 discusses the empirical results. Section 5 is the summary and conclusion.
Oil Prices and Recent Economic Performance in Ghana
Researchers have argued that oil prices chiefly affect the macroeconomy as an import price, through the terms of trade; as an input price, through the production function either by increasing costs or by increasing uncertainty which lead to deferral of irreversible investment; as a shock to the aggregate price level which reduces real money stock, and as a relative price shock which leads to costly reallocation of resources across sectors. These are further influenced by such country specific factors as price controls, taxes on petroleum products, exchange rate fluctuations and variations in domestic price index. From this one can argue that understanding the relationship between the world oil price and economic activity is important because oil price increases lead to a rise in prices of petroleum products which serve as a key production inputs and as an essential consumer goods. These price increases are considerable enough that they normally become temporary rise in the general rate of inflation. To the extent that increases in the oil price lead to a rise in price level, purchasing power is also reduced through a reduction in the real money stock. The energy intensity which measures the total primary energy consumption per dollar of gross domestic product (using purchasing power parities) stayed at 4381 in 2005. Table 1 ).
Inflation in Ghana has also decreased over the years from a high of around 71% in 1995 it has to as low as around 10.9% at the end of 2006. Particularly, this decrease in inflation has been achieved in the last six years due to tighter monetary policy following the increasing independence of the Bank of Ghana. The exchange rate seems to be relatively stabilised considerably against the major trading currencies over the years, translating into a substantial reduction in annual depreciation rates much lower than inflation rates. This has raised some concerns regarding the effects of the real appreciation of the exchange rate on the real economy (particularly the manufacturing sector).
The implications of an oil price shock on an economy depend to a large extent on the importance of oil as factor of production (LeBlanc and Chinn, 2004) and the state of the macroeconomy.
Crude oil is a very important factor of production which has led the government to subsidize petroleum product prices to an estimated annual average of 2.3 percent of GDP until 2005. This is reflected in the table as the consumption of oil has increased from about 27 thousand bbl per/day in 1995 to 47 thousand bbl/day in 2005. Out of this about 39 thousand bbl were imported per day which accounted for up to over 21% of total imports for the fiscal year, implying that unexpected increases in world oil prices can adversely affect the terms of trade and the real economy.
Data and Methodology

Data Description
Most studies that examine the oil price-macroeconomy relationship include a measure of economic activity, domestic price of goods and services, nominal exchange rate and a measure of monetary policy stance. We follow that practice and analyse quarterly data for Gross Domestic and zero otherwise. This measure eliminates price increases that simply correct price volatility to capture more effectively the surprise element, which may be at the origin of a change in spending decisions by firms and households. In this study, we include the logarithm of the average U.S. dollar price of world crude oil to capture the linear oil-output relationship.
Stationarity and Cointegration Analysis
Analysis of the long-run relationship between non-stationary variables has become very critical in multivariate time series literature. As revealed by Engle and Granger (1987) , if the linear combination of two or more non-stationary variables is stationary, then there is a long-run relationship among the variables. The presence of cointegrating vector forms the basis of the vector error correction model. In this study we utilize the Johansen (1991, 1995) methodology to estimate the long-run cointegrating relation from a vector error correction model of the form:
(1) 
Empirical Results
Stationarity and Long-Run Relationships
The objective of this paper is to explore the effects of oil price shocks on macroeconomic variables such as output and prices in Ghana and how monetary policy has in the past contributed to the impact of this shock. Since the cointegration methodology assumes that the variables be integrated of the same order, we begin the empirical analysis with unit root tests in order to identify the stochastic trends of the series. We employ the Augmented Dickey-Fuller and Phillips-Perron tests which are two of the most widely applied unit root tests. The results as shown in Table 2 indicate that all the variables are integrated of order one, [I (1)]. This means that we can utilize the cointegration technique to investigate whether there is a common stochastic trend between the variables. The existence of cointegration would imply a long-run equilibrium relationship between the variables under consideration. On the other hand, if we find no cointegration we can specify a VAR in levels to investigate the short-run dynamics of the variables.
As a key requirement in cointegration test, we proceed with the selection of the optimal lag length for the specification of the model. In this study we accept the SIC as a guide to select the lag length. The selection of this common lag length comes with it the misspecification hitch as there are some trade-offs associated with the various information criterion employed in its selection. This includes the choice between strongly consistent criteria such as the SIC and the HQC on the one hand, and the less parsimonious AIC. The SIC is inclined to underestimation, while there is increased cost for loss of degrees of freedom on the addition of more lags. In this study, we accept the 3 lags selected by the SIC.
Following the lag order selection, we proceed to the cointegration analysis which is performed by specifying an intercept with no trend for the cointegrating equations. The cointegration test as reported in the 
Impulse Response Functions and Speed of Adjustment
In this section we follow the impulse response function to examine the short-run dynamics of the model. This can be achieved by investigating the dynamic effects of a generalised one standard deviation innovation on oil price, and the effects of a contractionary monetary policy response on the other variables. In this case we expect a central bank mandated to stabilize prices to increase interest rates in response to oil price hikes at the expense of output growth. The generalized impulse response function employed in this study does not take into consideration the order of the variables is the VECM and covers up to 24 quarters.
The impulse response functions displayed in Table 4 indicate that a generalised one standard deviation shock to oil price causes prices to rise instantly to about 0.001% within two years.
Although prices react instantly and persists over a long horizon, output does not fall until after 4 quarters, which continues for a very long time hovering around 0.02% below its baseline. On the response of monetary policy, the figure indicates that interest rates decline initially indicating that the stance of monetary policy is eased in response to the shock but increases quickly to curtail further inflationary consequences of the oil price shock. The accumulated response (not reported) shows that output falls by 0.36% while prices rise by almost 1% in 6 years. We argue that the response of monetary authorities is not enough to mitigate the inflationary pressure caused by the oil price shocks.
On the response of prices to a generalised one standard deviation shock to interest rates we can say that contrary to our expectations, while output falls instantly prices rise. Prices rise from 0.006% in the first quarter to just about 0.05% within 6 years. The fall in output increases to 0.01% in 6 years. The accumulated response displays a 0.20% fall in output. Interestingly, exchange rate appreciation does not lead to a fall in prices.
Since the impulse response function traces the effect of a one-time residual shock to an innovation on current and future values of the endogenous variables, we consider the speed of adjustment of the variables towards the equilibrium relationship as part of the short run analysis.
From the table, we find that the adjustments due to GDP and nominal exchange rates play significant roles in restoring the cointegrating relationship.
Summary and Conclusion
In this study we have estimated a vector error correction model to explore the long run and short run linkages between the world crude oil price and economic activity in Ghana for the period 1970:1 to 2006:4. The results indicate that there is a long run relationship involving oil prices, prices, GDP, exchange rate and interest rate in Ghana in which oil price positively impact the price level while negatively impacting output. In the short run, we find that an unexpected oil price shock is followed by an increase in inflation rate and a decline in output in Ghana. On the response of interest rate to a surge in the price of oil, we argue that monetary policy has in the past been with the intention of lessening any growth consequences of oil price shocks, but at the cost of higher inflation.
The fact that oil price shocks impact the Ghanaian economy and the recent decision of the government to eliminate subsidies on petroleum products and bring domestic petroleum prices closer to world prices has important implications for monetary policy. For an effective inflation targeting in Ghana, the credibility of monetary and fiscal policies should be improved and properly coordinated so as to anchor inflationary expectations and mitigate any external shocks on the economy. Note: The null hypothesis for the ADF and PP tests is that the data process in question contains a unit root. Critical values with constants (at the 1%, 5 % and 10% levels) are -3.4788, -2.8818 and -2.5777 respectively for ADF, and -3.4765, -2.8817 and -2.5776 respectively for PP (see MacKinnon, 1996) . ***, **,* indicates significance at the 1%, 5% and 10% levels respectively. The maximum lag length was used for the ADF, whereas the Newey-West bandwidth was used in the case of PP. 
